Accurate sex identification is an important factor in managing and studying both wild and captive animals. Increasing use of captive breeding programs in endangered species management requires an accurate yet safe and convenient way to determine sex in monomorphic species such as the bald eagle (Haliaeetus leucocephalus) (Brown and Amadon 1968).
METHODS
Forty-one bald eagles admitted for rehabilitation at the Raptor Research and Rehabilitation Program (RRRP), University of Minnesota, and 10 bald eagles from the Eagle Propagation Project (EPP), Milstadt, Illinois, were used. The RRRP eagles were anesthetized with 10-15 mg of ketamine hydrochloride (Bristol) and 2.0-2.5 mg of xylazine (Haver-Lockhart) (Redig 1982) to determine sex by laparoscopy and facilitate the taking of morphometric measurements (detailed below). Sexes of the EPP eagles had been previously determined by laparoscopy. Morphometric measurements were made on them without any anesthesia. A cloth metric tape was used to make measurements of feathers to the nearest 1 mm. Other measurements were made with calipers to the nearest 0.1 mm.
The following measurements were made on each of the birds after the method of Baldwin et al. (1931) : (1) body weight (WT) to the nearest 5 g; (2) head length (HL); (3) culmen length (CL) (Fig. 1) ; (4) culmen length with cere (CWC) (Fig. 1) ; (5) thickness of midshaft tarsus frontal (MTLF); (6) thickness of midshaft tarsus lateral (MTLL); and (7) tail length (TL).
The following measurements are modifications of those described by Baldwin et al. (1931): (1) forearm length (FAL), measured in a straight line along the leading edge of the patagium of the extended wing from the proximal end of the humerus to the distal end of the radius; (2) head width (HW), width of the skull at the level of the ear openings; (3) beak depth (BD), thickness of the beak from the dorsal aspect of the maxilla adjacent to the cere, to the ventralmost portion of the mandible (Fig. 1) point usually occurred 2-3 cm proximal to the distal end of the tarsometatarsus, near the junction of the feathers and tarsal scutes. The calipers were closed until they met slight resistance. Several attempts were needed to make this measurement.); and (6) narrowest tarsal thickness frontal (NTLF), similar to (5) except measured anteriorly-posteriorly.
Repeatability of measurements and descriptive quality of morphometric definitions were tested in two trials using three and four volunteers, respectively. Participants were selected who were familiar with avian anatomy but had no experience with our technique. Results were tested using ANOVA.
Chromosome karyotyping on cultured peripheral lymphocytes followed standard techniques used for mammalian blood (Lin et al. Twelve measurements were taken on the birds, and only BD showed no overlap in values between the sexes (Fig. 2) . HL, NTF, and NTLL had little overlap between the outlying extremes of the sexes but none in the 25-75 percentile (Fig. 2) To determine sex of an unknown bird, we multiplied each measurement in a model by its respective coefficient (Table 1) , and the products were summed. If the total was less than the model's constant, the bird was a male; totals greater than the constant indicated females; sums equal to the constant were of unknown sex.
A test of the repeatability of the BD, HL, and NTLL (three biologists measuring three birds) showed no difference (P > 0.10). Of 28 cases where surgical sexing was attempted, 1 (3.5%) was not sexed owing to equipment failures, and 2 (7. 1%) were determined to be males by default. Forty-one samples from 32 birds were tested in the karyotyping procedures. These yielded 20 successfully C-banded preparations, of which 19 (95%) were correctly identified. Concanavalin-A was the most effective mitogen.
DISCUSSION
The goal of the morphometric measurement procedure was to derive simple, repeatable measurements that clearly separated sexes. We found Model 2 preferable because the HL mea-surement was difficult to make and could be stressful to unanesthetized birds. Bortolotti (1984) found TL to differ significantly between adults and immatures, which our data support. Although 1st-and 2nd-year males differed significantly from adult males in the Model 1 measurements, means for the younger birds were smaller, so they would not be confused with females.
With the laparoscopic technique, immature birds, especially in their 1st and 2nd year (2nd-year age-classification known due to length of stay in captivity), were the most difficult to sex because of undeveloped gonads. Any evidence of nondifferentiated gonadal tissue was considered indicative of females, and no evidence of gonadal tissue was indicative of males ("males by default"). Two birds were called males by default, and their sex was subsequently confirmed by karyotyping. Deposits of visceral fat, common in captive birds, can complicate locating and discerning sex organs.
Although laparoscopy was found to be a safe form of determining sex, post-operative infection and anesthetic complications are potential risks. The use of aseptic techniques (sterilization of instruments, disinfection of surgical site) prevented the occurrence of infection in this study and should be used. Anesthetic complications did not occur. The combination of ketamine hydrochloride and xylazine has proven to be an extremely reliable and effective technique for bald eagles and most other species of raptors (Redig 1982 
